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Abstract This paper presented the similar function of the reversible function and the similar network of the reversible
network, and on the basis of that, the simplification method of reversible network was constructed. Giving a reversible
function,all its similar functions can be searched. To every similar function, the reversible network which is converted to
its corresponding similar network,can be constructed by reversible logic synthesis algorithm, and the optimum can be
chosen. The network simplification algorithm realizes the reversible network of all 3-variable functions and some multi-

variable functions. Compared with the pertinent literature and the examples of Benchmark, it has some advantages while
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constructing the reversible network with less gate count.

Keywords Reversible logic, Reversible network, Similar function, Similar network

1 35l

AT EGR A T A R P R R R B R
TR B R R R N T 7R Th AR R IR BT Bt
B OCHHESISAEE T ZHA. AT SRS HA, 0T
{58 5 5 139 T 5 U R ) B A L BTS2, S Ay T S R
EMABESFE L. R, B AT % kR
THERMNATYERESHERE FBURERE TR
LRINFRIR R FERY b 48 AR A R S R BA s TS0
T ETHEES RS EREA B FEREYE
T4 1 B B A G B X IS R B SR P 4 MR SR T IR A AR
B 4 B AE A B Pang Yu %5 {2 1 BF PDD A b
FR ] 0 L B LE A vk s Shende F R T — R E T =B M
BRLFEF I Gupta F R M TR F PPRM & B 107 B
Maslov 20 2 iy 7 ) FIBE R BEAR L5 & 97 1% s Saeedi S5 2
T E T HE R AT BT Zheng Yexin 1§ T H

il

FI POT BRI T3k . A6 J7 12 7] LLAE R M 48 AR A0
BNEE R RILS, XA s R SR E

SCRRLA 18RI T X B F i B B TR B s ME L, ik
THERIVEREREN AR R FRBZEKRER. Mk,
5 22 R #9AS [F] B4 AT 33 R 30 AR SUM AP 220 7 R i Y
FRFEBNEMLIEE. XA RS, W AR
X RS FAR L SRR S5 » SRR A i T VT i R 445, A
TEHE P 28 A B/ N B T 20 T 46 3 o LA A PR 5 B R O 4 A
RLRI 4%, ML 18T AT 33 4%

2 EAEX
2.1 WIS
EX 1T n$iAn IR F(x,20,x,) B0 R

BN n LA ) B (0 20500 s 2 ) ——BREY B 0 1550 H ) B
(y; ' Y2 ,"',yn)u

A ZER B RPHFE R E (60873069) , BB AP A BERBIN B (FYKY/2013/7) , B8 K215 A BHE IR B (YKC13006) %5 Bl
RAA3R(1982—), B, WL, P, EEMA N M AT B BEL A REE P E S FHW 1962, B, W4, Jig, TEHF T
HHE BEESAERELS, E-mail: guan, zi@ntu. edu. enGEIE/EE) ;s ME&R( 1989—), %, Wi-+4 , T EBIR 5 8 0l B L & fa] 3w
HEHSERNEE FA91), &, Htd, FERRFRNE TSR EERES KRR EEEES.

» 195 »



A& n LRl BTN Fa B E W DL B8 51[0,1,2,
<, 2 —1]RRFERE n MRATERE 2 Ma RN ——
38
2.2 THEEI

EX2 — P nfiAn BB EII N EEET, N
W) LB A B R — LS.

AR AR LR RS MR R AR TR
7 [ B4 AT 33 5 A TR B TG R AR T B o O R T 4 B A AR BT 5
W4, AT LU SE BT 25 1l 3 3.

EX3 NOT( TR 1BWA 1B aT:88], %8
(2)~~(z @ DIHBF (DARREE.

EX 4 CNOT(x,x) VR 2EA 2HIL AT HERT,
SER (1 s 22 )21 s 21 D 202) BT .

EX 5 TOFFOLICx ,zz,x3) I T4 3HA 3 M Al 36528
B/, R (22 (@3 2 @ xp) ML .

FEN 6 aTOFFOLI(x sz s Zam1 s 2,) [T n BIA 2
ﬁitﬂﬁfﬁﬁﬁl‘], 7’%5‘2(11 2 Xz st Tnm1 9 Tn ) > (X1 s L2 5 ** >
Tl s L1 X2 *** L1 D ) BB ST (1 >3) .

EX 7 W IERES TR N g —
ZH AT EET,

AP B G IR P R B A T B X T
EEGRITES AR SR, BN, EATERIIEEE
4 NCT 14, NCTSF [ 14:,GF [ 14,GT T4 1 PNC |']
%[31%0

3 TFIEMZKAE
3.1 RS
E)‘Lg QEE&U:U(IEyIZ?"';l}.):(Ijl7xj27"'7

Ijn)’jiel:lv"]v%'l k#marj-’jk¢jmo

Wolx s x2sx3) =(xz x5, 2 ) RR—NT=ZFEBEHR. 7
AR HRET  ERTRWHEALENY , KRR Bt
EGW,ﬁ%’U%:(xl,xz s x3) s (19 L3922 ) s (X2 s X1 923 ) 5 (225
T3 5215 (X3922 5210 5 (X3 521 572 ) 6

EE1 WTF 2 TEWHER HERER o« MR
n! 1.
W S TF 2 MRREER (21 522 400 1) HEF) A B HE
A A P HES RS L KR P R TR BB R AECH
P,=nl,

EX9 HHLRE F X F n BB R F (21522,
)=y yae s ye) o e n ZER BB, M ALK EL F,
(o(x1sx25°52:))= (152575300

LR N RR G TR SR« W MBREN ., BEHE
1. 8 FIE L 9 A, n A3 RN TEBie W
b, WAL RERESEE ») . X B NFEE— & H
B0, 1 2T ER S AR RS ME L, B Fu (ox Cor s 22500,
)= Fon(on (@i s 2250005 2,)) N = AR BR[04 1, 2,
3,4,5,7,6],00 = (21,22 ,13) y01 =(x1 123 y22 ) s Fo (6 ) = Fy
(61)=1[0,1,2,3,4,5,7,6 ]300 = (a3 ,21,23) y03 = (22, 23 »
110, Folo)= Fa(as)= [0,1,2,3,4,7,6,5]500 = (x3, 21 5
22) y05 ={x3 22 »21) s Fu (01)= F(as)=[0,1,2,7,4,5,6,
3], XFFAlgea%(0,1,2,3,4,5,7,6 ], HABBI R BB R

¢ 196 -

H 33 F A R [7.6,5,4,3,2,1,0], FoAR{Lef K091 4K
XK 1, AL R o oA &, BT 1 i %0 7,6,5,4,3,2,1,0].
Wit 1 XT 2 BRI R, AR RS
Kl
n L AGE BN BOR R 20, M HEECP R E AR
SRS R, UM LR B SR M R . T R R B
MU n=3, HAFMI RBABRE 9 652 n=8 i, W[ R
AL R B 2 FT LUA B 81=40320 1~
ARHEFT A, A0TSR A H AR BUR SR A SO . K2k
AR HEFEESRNER, HARHEERT AEHRK
TR Y= (o 310000 0) » BN BSE BH S8 5 0T
BHE T AL, BT AR E B X WA EB AT, T 4 A
el PR SR AR SR 05
B 1 AMEEK SimilarFun
BWATHESF, BN ER y, v F5 ik
i AR Fs
B WikL:i=0,max=max(j, k) ,min=min(j, k) ;// max(j, k)
IRE Ak BRKAE, minG, kIR [E A k BB /ME
BEHE (K mie = = 188X i V= X )
SWAP(Y;, Y, jmex—1 _pmin=1 )5/ /30 L £ H i+ 2m!
—2mnT AT A Y
Swap(¥i,k»¥i;) 3 /IR AT v F Y; K8
B=F i+t
HG<2MIREISE 45
B - A LR Fs
WA e F=(7,0,1,2,3,4,5,6, 8 1 A, 2 HlE A
FiRB ¥ SimilarFun(F, 2, 3) , SimilarFun (F, 1, 2) , Similar-
Fun(F,,1,3).SimilarFun(F,1,3) ! SimilarFun(F,,,1,2)3R
it , AR AR S F=[7,0,5,2,1,4,3,6].F,=[7,2,0,
1,3,6,4,5].Fs=[7,6,0,1,2,3,4,51.Fu=[7,4,5.6,0.1,
2,3)# Fs=[7,6,4,5,0,1,2,3],

1 ML
CE:3 AL
BHF Fa Fs2 Fs3 Fa Fes
r7,0,1,2, [7,0,5,2, [7.2,0,1, [7,6,0,1, [7,4,5,6, [7,6,4,5,
3,4,5,6] 1,4,3,6] 3,6,4,5] 2,3,4,5] 0,1,2,3] 0,1,2,3]
3.2 N

EX 0GP HUMY% G BRFTTEME G R H
R BEAIALE , [RIBHR R B AT 337 5 4 838 S (L dR
il RURISZ 12 250 T AN B 38 W9 445 o RT3 ] B S8 TR T

Al G R RBRETRKER (ERER)BIE
AR P4 G, B8 GG, .

EE2 RHEMNE G R R REF — W%
SCBL, R BRI AR L R ECH F, AT R4 G B E R G, ,
AR R AT BON Cr , BRI BN Coo s W Cr = Ca »

PEH AR F BB B AR HMAMRE F,,
HHA ML G PORB (R B /5. BE SHUREHR
F, M3 5 BAR A4S G, , BT LA R BRI LA DI 45 2 — —
SR, Bl Cr = Co o

#it 2 XMTF o BEAMMEG, HHELME G 6975
BEHn!,

— BT X F o7 AR R 4%, AR AR B 7E T R 4 2R



B RO, FEAR R 45 BN BCRT LK B nd . 0T 5 BR AR
[7,0,1,2,3,4,5,6 JB— AT M TR WA 1(2) By R, %
B HA 5 AAEREME 1(b) — B 1D FiR. FEE
BHE, SHLURECEML AR AN n AL] 3% KA
n 1R, HN A NOT (1884~ TOFFOLI "] fr4d sl 3 oA 38
M2, EATRMABINE N RA C =3, B4 NOT [T
# A~ TOFFOLI [TTAT 4 sl B9 4 AL 0] 338 48, B 17T A 100 4%
MR Cl=4 f1 CICG =12,
Xs———-—GB——)’: x3 LJ ¥
x2 — )2 x2 o2
xlﬁ,———yl x @ »
(0[7,0,1,2,3,4,5,6] (1){7,0,5,2,1,4,3,6]
x; ——_———69_” Iaﬁ]——}ﬁ
*2 %_—_h X2 — )2
N xl——-—-——-éa——h

©)(7,2,0,1,3,6,4,51 (d)[7,6,0,1,2,3,4,5]

x»—CP- s x3 —7)
x O—» x ——»2

X \LT i Xy ——————e}—y 1
(e)[7,4,5,6,0,1,2,3] (£{7,6,4,5,0,1,2,3)
B1 e

3.3 RIHMKMLE

AR AMEE FBEHS R U TS BRER. §kd b
45t B A DL B BOR MR B R SR 1 T 1 R B A A AL R 3 SRR
BT BB SR RN S MU REGEITS S, RIBAE R #
A4 G B TPk i T8RN T 3 R 4% G, 5E R,
] % P AN B LR B B R GG, , G, L5 5 BTl
P48, T IE 4 W] R A B fb (R Rk

B2 M4LTE Network Simplification
WA AT RE F
AT G

B4  BACIRECREE A>9I H AT 96 B A F A RIS Fa
oy Fyes

B SEHUEEBRESREESIREHLUBBRAEMNE Ga,
A ’Gsk;

B=% FITEALERYG Ga o GuITH Cory oo, Cac» BEH T3
Caft/MUTTE R4 G s

FIY ST A 1 AR MK R B Ga—G;

BTN HMBEHERE G,

ERBHAE X AR R LR S B a B A
1, B AL TR 38 0 7T LA IS R [R] B P 8 i MR 4 & B e X T
R HFTALRLAL R MBI, T 5T
BEAHA R PR AR A R v 4R AL AT B 5 SR, SCRR(13]
2 1 B SR BB B 1k B0 R AR BE B SR BT AR AR T S P 4%
RO B/IN, BRIHCA SO BT SCRRL 13148 1Y By SR BR S B 38 e A
HZRBLR R LB B AR,

APRTREER, DIEXH RS RS & Bk 267, 2
IFHES R B 4 A ) 5 AR O R B A ) SR B B
EERBHCR, TEE/ TR L5 5 2R BT B
FOXF BT BTAR AP 45 (R4 A B 2R B . St Rl R 47,0, 1,
2,3,4,5, 6 HATLEE R, BRI R A B BH WA 1(b) iR B 7]
B4R m A K% 7.4,5,6,0,1,2, 3R ER B, MFE
BENKBARHRBIRBERFAERNE 1(DFTRK
AR . D—BX T o AR R H T R B AR 4
PR T AR B m A, 452 100 4% 14 AT 1 Ff 1) 0 2% 3 R 3

ARC13I8n A%, X RATRAE AR . A TR R R Y n<K3
if 3R BT AT BB R 24 >4 B 3R o AN SR A AR (DL o
B, BEIR B B v 3 W0 4% o B B SR U o (s s o0
) = (Tt ¥n s Tativtins s Toron ) s X REBRBWILH 7
Fi o CREAORT LA FE 43 B0 AR 104 R 280 7 EE TR 4% b D £ R £
.

4 FRA SO 2 AL T B35 T DASR Y Lh SR T 58 ol 4
AR AT TE A MR LY. i E¥R(3,6,2,5,7,1,0,
4]&1%[13]*%1%%”[?5”% T assxzsx1)s T(xss 215
x2),C(x2 200, Clxz » 30 s T3 v 1 522 ), Cly s 23 ) s N(2y ) s
NQx2), BAETE 8 A7), 1 7E A ST 0 4% b 18 55 v S BRI
PIEFNH : Clag yx3) s T 1 s 02503 ) s Tz s x2 »21) » T3 s 21
22),CCxy 5x3) s N(a2) , Claz 20 ) » 355 7 AT

4 SREEXTLE R SR

AR CH B T ML R Bk, 346 W 4 B AR
BETRRTE, ATRAST 10 25 R DL b AT B M HITEES .
4.1 ZEXELPIY

X ARSI ERGHITE S 506, 10,12, 13147
THE, 0E 2 FFFl. L2 9,1 18— REEE LRI E
FHEOT T8N ZET T —AT 0 R F LBl AR IR SOk B F
RIFTESTIR, X6 IR =R EANBEEREE, A
NCT 14, R FIFS 218 BT 3 4%, SE 391150 5. 866, &
HGZE=ABSTW RN BME R, AXHEH NCT 1114
MZERR 6. 253, B AT AT REERE. ¥ HICE[13]4
A NCT 58P 1%K 6. 806, A BB TR BN
B, 53CEk(10,12,13]Fff A PNC T4/ B FH T
XF e, A SO A PNC &G E 34 18R 2 4. 938, SLIR SR
B,

2 ZTEEBEE

T ) X
& (6] [l0] [1z] WL %3t
NCT PNC PNC NCT PNC NCT PNC

0 1 1 1 1 1 1 1
1 12 12 27 12 27 12 27
2 102 90 282 102 327 102 339
3 625 476 1499 510 1882 589 2355
4 2780 1833 4471 1911 5618 2444 9383
5 8921 4996 8112 5058 10225 2960 16643
6 17049 9126 9731 9134 11454 12585 10422
7 10253 10630 8095 10610 7452 11829 1132
8 577 7820 4981 7911 2789 5042 18
9 0 3788 2241 3653 493 650 0
10 0 1265 699 1137 52 106 0
11 0 258 158 262 0 0 0
12 0 25 21 19 0 0 0
13 0 0 2 0 0 0 0
-3 5.866 6.834 6.141 6.806 5657 6.253 4.938

4,2 3-A{rAl¥EE

B EARBIEG—LL 3 (1M 4 fr 7] 58 R B & 4 AT
P48, 3 5308R07,9, 13t 8, R0k 3 FTpl, &3, Fr
BEREMEH GT (THEEH, o] 13 M4 L BHX 5 5 T4
SCHARE PREL R AT 8 SE B, R T3 3 Toffoli [, T4 3%
/N 4-Toffoli "], SCERRL7IBFEIITHCH 5. 77, 3CER[9 1K -3
FIECH 7. 46, SCERLI3]A9F 39 1 TH0N 6. 31, 4 SCB Btk &6
G AT R A BT TECY 5. 62, 3R R SOk

¢ 197



BOLER BLAR , AR SCHY P 4541 14T °T LUA 280800 T B B 4 A
RIS

3 34 AR

# X#(7]  x#kl(9] X#[13] &wX#x%
[1,0,3,2,5,7,4,6] 4 6 4 4
£7,0,1,2,3,4,5,6] 3 3 3 3
[0,1,2,3,4,6,5,7] 3 3 3 3
[0,1,2,4,3,5,6,7] 5 7 5 5

[0,1,2,3,4,5,6,8,7,9, 15 7 7

10,11,12,13,14,15]

[1,2,3,4,5,6,7,0] 3 3 3 3
(1,2,3,4,5,6,7,8,9,10,

11,12,13,14,15,0]

[0.7,6,9,4,11,10,13,
8,15,14,1,12,3,2,5]

[3,6,2,5,7,1,0,4] 7 8 8 7
(1,2,7,5,6.3,0,4] 6 8 6 6
[4,3,0,2,7,5,6,1] 7 8 7 6
[7,5,2,4,6,1,0,3] 7 6 8 8
6,2,14,13,3,11,10,7,
! 15 23 19 13

0,5,8,1,15,12,4,9]
T 5.77 7.46 6.31 5.62

4.3 4-8 {UPEMLEREILL S

HT IR XL E R (n>3) RS o 48 Ak K 2
BE WA SO AR A R B T S S S B S aca 135
i@t A 4-8 i A BE AL BT 36 R &, 4 BB GT T4 A1
PNC ITE#ITME A, R ME 4 FrFl. & 4 &, B
HEHRLT 50000 A 4 A7 AT i3 B %L, 10000 4~ 5 A AT 33 B 4K, 2000
A 6 {SLAL 3% BREL, 500 A~ 7 {7 B 33 BR%L, 100 4> 8 L A 3 s &
AT LA, 456 vl W48 B ARG O I 5 vl 33 R 4% Y K
T, —AEFISE AT - B PNC [ 1EE #1754, I iE A
FIIBCE W GT PRI 180, 2t A U Rl 3 W)
ALfE TR T S GRIB) AR B m A, WTLUE
24 o B ARG ST, W) 28 DR AL 30 SR A BRI, 53 2 DXy B T
SR FBLEE N, M B ER-E A AT 20 PR 4% f) B ) S 36 i 4, A
LAY oR B8 B AL SR B AT 45 A, B R BB [ B 2 H A
Bk R4 HE AL SR B B R4 A 0 B, B RO AR 2R
AL G 238 1/ (=D 1 B 5 e Fl 2B T e, eI A IR
o [ FF R A IR B A AU T 2 R TR BT T4

x4 A8 UREHLERE

nfr X#k 13 AXF#E B L B Wl
GES GT PNC GT PNC & ¥ GT PNC
608.3 550.1 585.3 527.5 100 96.2% 95.9%
266.5 236.5 251.5 2221 500  94.4% 93.9%
113.8  97.9 104.4  88.9 2000  91.7% 90.8%
47.08 38.98 41.18 33,59 10000 87.5% 86.2%
18.52 14.82 15,43 12,13 50000 83.3% 818%

B oy N3 0o

4,4 Benchmark )58 55 # L 8%

Benchmark i) 2 B #f B b L & a7 3 2 B AP
A B BB BHE (W 45 ARt — R R T T Bk & F A it
B, MBIRE B — R 72 GT ME T A %L
R, A AT M4, xf L sk © BT, 7E3& 5 Wil Xt b
I8t Maslov 32 tH BB 351 Br8 BB BR 7T LA H, A0 iR
B IO 28 AR TR 7 O 28 A <8 B, AR S B AET TR A
B RERFRMN AR EE, (B2 FEE W&
s 24 CE R IR BN T [ T —E R UM XS
BN,

+ 198 -

%5 Benchmark 5 &%

™ Maslov AXHE
% EFR#H TH EFAHM
Ham3 5 7 5 7
Ham?7 21 69 29 119
Hwb6 42 150 97 1355

Hwb7 236 3984 240 4747

Hwhb8 614 12745 579 14701
Hwb9 1541 43089 1315 38111
Hwb10 3595 136164 2910 102584
Hwbll 8214 336369 6414 235843

GWRIE  ASCIESCE IS TRERE b, R IEH A T
A 0L R ORI 0L 100 2% B 455 L, (AR SR & T 30 R A R 1K
TSR PR W I I 4 AL IR B 5 A SORR B Bk X | L TR
MBI T EAHBES., TR TEERR:
RACE R B, (4R A BB — B4 RIS AR 1 ) 2
ME TN AT S ETHEESE S,

& F x #f

[1] Bennett C H. Logical reversibility of computation[ J]. IBM Jour-
nal of Research and Development,1973,17(6):525-532

[2] ®8UR,B/NE W%, %5 Al BHTNENFERSHE)] &
F#R.2010,38(10):2370-2376

[3) E&.BRNR,ZHE, % BTEMYSEHRMEERT HAFT s
B aE Bl %R, 2010,38(11):2561-2565

[4] ZEF0R,. BN, RE% OB TR HZEHBIRESESE L
[J). B F24R, 2008, 36(11) ; 2081-2089

[5] Pang Yu, Wang Shao-quan, He Zhi-long, et al. Positive Davio-

based synthesis algorithm for reversible logic[ CJ// Proceedings
of International Conference on Computer Design. New Jersey:
Institute of Electrical and Electrontcs Engineers Inc, ,2011:212-
218

(6] Shende VV, Prasad AK, Markov1L, etal. Synthesis of reversi-
ble logic circuits [J]. Computer-Aided Design of Integrated Cir-
cuits and Systems, 2003,22(6).710-722

[7] Gupta P, Agrawal A,Jha N K. An algorithm for synthesis of re-
versible logic circuits [ J]. Computer-Aided Design of Integrated
Circuits and Systems, 2006,25(11):2317-2330

[8] Maslov D, Dueck G W, Miller D M. Toffoli network synthesis
with templates [ J]. Computer Aided Design of Integrated Cir-
cuits and Systems,2005,24(6) .807-817

[9] Saeedi M, Sedighi M, Zamani M S. A novel synthesis algorithm
for reversible circuits{ C // Proceedings of the 2007 IEEE/ACM
International Conference on Computer-Aided Design. Los A-
lamitos: IEEE Computer Society Press,2007:65-68

[10] Zheng Y,Huang C. A novel Toffoli network synthesis algorithm
for reversible logic[ C] // Proceedings of the 2009 Asia and South
Pacific Design Automation Conference. Los Alamitos: IEEE
Computer Society Press,2009:739-744

{111 Maslov D. Reversible logic synthesis benchmarks webpage
[OL]. [2013-09]. http://www. cs. uvic. ca/ ~dmaslov/

{127 Wan S,Chen H,Cao R. A novel transformation-based algorithm
for reversible logic synthesis [C]// Proceedings of the 4th Inter-
national Symposium on Advances in Computation and Intelli-
gence, Heidelberg: Springer-Verlag Berlin 2009.70-81

(13] &R EHH. AWE. BT AREBNTEEHESHE
(30, BN BT S B #2012, 24(9): 1218-1225



